Introduction
The past seven years have been a rollercoaster on the German as well as on international stock markets. The DAX as the leading index of the German stock market rose from 4,500 in the second half of 1998 to 7,500 at the beginning of 2000, and plummeted to 2,200 in March 2003. Until mid-2007 the recovery on the international stock markets led to an increase of the DAX to around 8,000 in mid 2007, followed again by a decrease to about 6,000 in mid-2008.
Such an up and down in the value of companies can hardly be justified by economic hard facts. 2 The economic environment in which German firms operate -the business cycle, the cost of capital, long-term growth prospects of the economy etc. -didn't change enough in order to justify such extreme movements of stock prices. 3 Thus, the natural question arises if fundamental factors can be identified around which stocks gravitate. If this is possible then those factors can, at least to a certain degree, be used to forecast the development of stock prices as if there are significant deviations from fundamental or intrinsic value in the long run stock prices must swing back. Two lines of research emanate from these considerations: First, is it possible to forecast developments of the market as a whole based on fundamental factors? Second, is it possible to forecast the relative performance of single stocks?
The first question is addressed e.g. by Robert Shiller in his book "Irrational Exuberance" which was published at the height of the boom in technology stocks in 2000. 4 He found a significant overvaluation of the American stock market based on the price-earnings (PE) ratio and predicted a sharp decline in stock prices which actually occurred. Another example of this line of thinking are Smithers and Wright (2001) who promote the q-factor or Tobin's q as the most important factor around which actual stock prices gravitate. They also predicted a sharp decline of stock prices.
The second question is in the spirit of so-called value-investing strategies which go at least back to Benjamin Graham and his classic "Security Analysis" of which the first edition was published in 1934. Value-investors seek to identify undervalued stocks with the help of simple fundamental numbers such as priceearnings (PE) ratio, price-book (PB) ratio, or the dividend yield. Indeed, empirical 2 See Shiller (1981) for a first discussion on the issue that volatility of stock prices is higher than fundamentally justified. 3 Indeed, economic growth in Germany was lower in 2001 -2003 with an average growth rate of 0.3 percent than in 1998 -2000 with an average growth rate of 2.3 percent (see www.bundesbank.de). But nevertheless this is a normal development in the course of the business cycle. 4 See Shiller (2000) .
-2 -research has revealed that it is generally possible to earn abnormal profits on the stock market by applying such strategies. 5 This paper will focus on answering the second question by applying new theoretical developments in accounting research. 6 The models of Ohlson (1995) and Feltham and Ohlson (1995) have renewed interest in fundamental valuation using accounting information. They rest on the residual income valuation approach which explains the intrinsic value of a firm as the sum of its book value of equity plus the discounted value of its residual income, i.e. its earnings exceeding its cost of capital. 7 In the empirical part of this paper intrinsic values will be computed for the sample firms based on different specifications of the residual income valuation approach. By dividing the firms' share price by its intrinsic value a price-value (PV) ratio will be derived. It will finally be tested if companies with a low PV ratio (undervaluation) earn higher yields than companies with a high PV ratio (overvaluation). Those returns will also be compared to returns from fundamental strategies based on simple fundamental factors such as PE, PB, and dividend yield. The hypothesis is that the residual income based strategy should perform better as its intrinsic values rest on a stronger theoretical basis than the simple factors.
The remainder of the paper is organized as follows: The residual income valuation approach is described in section 2. Section 3 describes how value-investing strategies can be implemented including a brief overview of the empirical literature and explanations from the behavioral finance literature for the profitability of such strategies. In section 4 models are developed. Section 5 describes the data used, followed by the results in section 6. Section 7 offers a few concluding remarks.
5 See e.g. Lakonishok, Shleifer, and Vishny (1994) . A short survey of this literature can be found in Jamin (2004) . 6 Those new developments can actually also be applied in answering the first question; see Jamin (2004) . 7 For a general discussion of the residual income valuation approach see Penman (2001a) , chapter 6.
-3 -
Residual Income Valuation Approach
The empirical analyses in this paper are based on the residual income valuation approach which is expressed as 
Firm value 0 V is expressed as the sum of book value of equity 0 B plus the future residual income which is the difference between net income t x and the required return on equity Equation (1) is based on the assumption that the clean surplus relation (CSR) defined as
holds. It states that book value of equity t B is the sum of the book value of the preceding period 1 − t B plus current earnings t x minus dividends paid t D . 8 Thus, changes of owners' equity may occur only in the form of retained earnings or in the form of capital transfers between the firm and its owners. 9 An advantage of the residual income valuation approach is that equation (1) is in principle compatible with any accounting system that is based on the clean surplus relation. If e.g. the book value of equity is determined according to conservative accounting rules and is thus "too low" it will be compensated by residual income which is "too high" as a reduced cost of capital will be deducted from net income t x . This holds true for infinite valuation horizons. 10 As will be seen in the empirical part of this paper for finite valuation horizons some knowledge of the degree of conservatism in the accounting rules is necessary.
The basic valuation formula in equation (1) doesn't give any guidance in how to derive forecasts for future residual income. For this purpose Ohlson (1995) Ohlson (1995) shows that applying this linear information dynamic modifies equation (1) 
The firm value 0 V is a linear combination of book value 0 B , current residual income a x 0 and current "other information" t v . The coefficients 1 α and 2 α depend on the parameter values for ϖ and γ as well as on the firm's cost of capital R . Thus, the advantage of equation (5) over equation (1) is that the valuation can be performed on the basis of currently observable information if parameter values for ϖ and γ are known. Those parameter values can in principle be estimated on the basis of past time-series behaviour of residual income and "other information".
In the empirical literature on using the residual income valuation approach for stock valuation two approaches have been used: The simple residual income valuation (RIV) approach on the basis of the basic valuation formula of equation (1) which uses simple ad-hoc forecasts for residual earnings 13 and the linear -5 -information modelling (LIM) approach which implements the information dynamic of Ohlson (1995) or modified variants of it. 14 In the empirical section of this paper two variants of the RIV approach and two variants of the LIM approach will be implemented empirically.
3
Value-Investing Strategies
Fundamentals of Value-Investing
The idea of value investing dates back at least to Benjamin Graham and his classic "Security Analysis" of which the first edition was published in 1934. The basic idea is to invest into fundamentally undervalued stocks that are expected to perform better than the stock market as a whole. Usually the market is sorted according to ratios that contain the stock price either in the nominator or in the denominator. Typical examples are the price earnings (PE) ratio, the price book (PB) ratio, or the dividend yield. 15 The value investor invests in stocks that are undervalued on the basis of the ratio chosen.
Indeed, the empirical literature shows that those strategies offer higher returns than an investment in the market as a whole. Only a few studies are mentioned here: 16 Fama and French (1992) , Lakonishok, Shleifer, and Vishny (1994) , Chan, Hamao, and Lakonishok (1991) , Wallmeier (2000) , Brouwer, van der Put, and Veld (1996) or Kotkamp and Otte (2001) .
This outperformance is surprising insofar as it is achieved on the basis of ratios that lack sound theoretical foundation. 17 The ratios used in the studies mentioned each explain only part of the value generation in a company. E.g., the PE ratio is calculated on the basis of current earnings regardless of the future increase of earnings to be expected and does not account for required return based on a company's cost of capital. The PB ratio accounts only for the book value of equity of a company with no regard for profitability. The dividend yield lacks theoretical foundation due to the irrelevance theorem of Modigliani-Miller as well as empirical foundation due to the fact that a large number of very successful firms with very low or even zero dividends can be found. 18 Similar considerations apply to other ratios such as the price sales ratio or the price cash flow ratio.
In contrast to the considerations concerning the simple ratios a price value (PV) ratio calculated on the basis of the residual income valuation approach does not -6 -suffer from those shortcomings. The intrinsic company value allows for a complete representation of firm value as all drivers of value -book value, the firm's ability to earn more or less than its cost of capital, growth -can be taken into account with the basic valuation formula in equation (1).
The empirical literature shows that indeed companies with a low PV ratio earn higher stock returns than those with a high PV ratio. One of the first studies investigating this question is Frankel and Lee (1998) . They examine different specifications of the residual income valuation approach without implementing a linear information dynamic according to Ohlson (1995) or Feltham and Ohlson (1995) for the US stock market. Over a period of 12 months the difference between the portfolio with the lowest and the highest PV ratio is 3.3%. Dechow, Hutton, and Sloan (1999) implement the linear information dynamic of Ohlson (1995) and find return spreads from 5.4% to 9.9% over a holding period of 12 months between the undervalued and the overvalued portfolio depending on the model specification chosen. This study's subject is also the US stock market. In a European context McCrae and Nilsson (2001) find for the Swedish stock market return spreads from 5.3% and 9.8%. Lee, Myers, and Swaminathan (1999) find that the intrinsic company value calculated according to the residual income valuation approach is a better predictor for the return of the member companies of the Dow Jones Index than PE ratio, PB ratio, or dividend yield.
One question not yet directly addressed in the literature is the question whether a PV strategy based on the residual income valuation approach performs better than the simple ratios PE, PB, or dividend yield. Thus, the objective of this paper is to compare the relative performance of value investing strategies based on the residual income valuation approach with strategies based on simple ratios in the same sample. If the theoretical considerations outlined above hold true then investing in stocks undervalued according to a PV ratio should be more rewarding than using the PE, PB, or dividend yield.
Explanations for the Profitability of Value-Investing
A few remarks have to be made concerning the aspect of market efficiency. If financial markets are efficient in the spirit of Fama (1970) and Fama (1991) , then fundamental analysis using accounting information and analysts' earnings forecasts should be meaningless.
However the paradigm of market efficiency and of rationality among investors has come under scrutiny from two sides. As mentioned above, empirical evidence shows that fundamental analysis using simple ratios such as PE, PB, dividend yield, or PV calculated on the basis of the residual income valuation approach can be used to forecast stock returns. Furthermore, the behavioural finance literature -7 -provides explanations for investor behaviour that at first sight seems to be inconsistent with rationality. 19 Without attempting to provide a full overview over the behavioural finance literature a few aspects explaining investor irrationality and thus outperformance of undervalued stocks should be mentioned here. The representative heuristic leads to an extrapolation of current positive or negative trends into the future without taking into account mean reversion thus resulting in overvaluation of recently well performing and undervaluation of recently not so well performing companies. 20 Professional portfolio managers suffer from herd behaviour by having a strong incentive to imitate the actions of other market participants and thus do not help to correct over-or undervaluation of stocks. 21 Herd behaviour might be caused by risk aversion of professional investors. Their compensation often is determined according to the performance of their funds relative to a benchmark such as a broad index. In this case the manager has an incentive to imitate the benchmark. 22 Another relevant aspect is investor underreaction concerning new information which means that investors do not capture the whole impact of new information on stock prices immediately. 23 All these factors contribute to the finding that stocks can be mispriced and thus strategies can be developed benfitting from the correction of mispricing.
19 For an overview of the behavioral finance literature see Goldberg and Nitzsch (2000) , Thaler (2003), or Glaser, Nöth, and Weber (2004) . 20 For psychological insights concerning the representativeness heuristic see Barberis, Shleifer, and Vishny (1998) , pp. 315 et seq. 21 For a survey on herd behaviour see Bikhchandani and Sharma (2000) . 22 See Bikhchandani and Sharma (2000) , p. 12. 23 See Shefrin (2000) , p. 22.
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Models

Impact of Accounting Conservatism
One important aspect for model development is accounting conservatism which can be found in all accounting systems in the world. 24 In reality companies do not publish perfect balance sheets. This would be the case if book value of equity equalled market value and, thus, the PB ratio was one. 25 Nevertheless, in reality, the PB ratio usually exceeds one. 26 Zhang (2000) shows that this observation is equivalent to accounting conservatism as in terms of equation (1) the market expects positive residual earnings on average. In competitive economies such as the US or Western European economies it seems unlikely that, economically, companies should earn positive residual earnings on average. Therefore if the PB ratio on average exceeds one the book value of equity must be undervalued relative to its "true" economic value.
This implies that earning the cost of capital on the company's book value of equity is not sufficient to economically earning the cost of capital. The equity investor will demand an adequate return on the hidden reserves of the company as well. Therefore, relative to the book value of equity, the investor will demand a rate of return higher than the company's cost of capital in order to earn the cost of capital on the sum of book value of equity and hidden reserves. 27 Therefore models accounting for accounting conservatism have to allow for positive average residual income in the long run.
Model Development
For the empirical analyses in this paper four models will be developed. The first two models will be simple residual income specifications as e.g. used by Frankel and Lee (1998) that describe intrinsic firm value as the sum of book value of equity and ad hoc forecasts of residual earnings. 28 The other two models will be empirical implementations of the linear information dynamic of Ohlson (1995) for the first time implemented in the literature by Dechow, Hutton, and Sloan (1999) . 29 One variant of the simple residual income specification and one of the linear information dynamic specification will allow for accounting conservatism while the other will not. Finally, a brief description of the estimation procedure Claus and Thomas (2001) and McCrae and Nilsson (2001) . 29 See also Hand and Landsman (1998) , McCrae and Nilsson (2001) and Choi, O'Hanlon, and Pope (2003) .
-9 -for the model parameters for the linear information dynamic specifications will be given.
Model 1
Model 1 is a very simple first specification according to equation
Firm value 0 V is the sum of book value 0 B and the discounted value of the forecast of residual income for the following two years, calculated as the difference between the forecast of earnings t f and the return on the book value in the preceding period
. This specification therefore assumes that residual income will be zero after two years.
Model 2
As described above the aspect of conservatism can have a significant impact on model development. The degree of conservatism expected by the stock market can be represented by the goodwill, the difference between market and book value of a company. Inserting market value 0 P for intrinsic value 0 V in equation (1) and deducting book value 0 B on both sides gives
Current goodwill 0 GW therefore is the present value of expected future residual income. This goodwill can therefore be seen as an estimate of the amount of conservatism in the balance sheet of a company. According to equation (9) expected residual earnings of the company are spread over the infinite future. Nevertheless, for the immediate future, usually the following two years, analyst earnings forecasts are available. The basic idea of model 2 is to replace the implicit forecast of the market for residual income in the following two years by explicit forecasts available from analysts. The implicit forecast for the third year and thereafter is an unchanged input into the valuation equation.
In order to be able to replace the implicit assumption for residual income in the following two periods by explicit analyst forecasts an assumption about the distribution of residual income over time is necessary. In this study it will be assumed that implicit residual income grows at a constant factor of G . 30 30 Of course this assumption can be criticized on the grounds that it is unlikely that residual income of all firms should grow at the same rate. Nevertheless, in the presence of mean -10 - 
This expression is the implicit assumption of the market about residual income in period 1. It should be emphasized again that this is the case only if residual income spreads evenly over the future periods growing at a rate of 1 − G .
As explained above the implicit estimate of the market about residual income in the following two periods are to be replaced by explicit analyst forecasts. Thus, the valuation equation for model 2 is 2 2 , 1 2
The intrinsic value of the firm is the sum of book value of equity 0 B , the present value of explicit analyst forecasts of residual income For the analyses of the predictability of relative performance of stock returns it is necessary to compare the market value of a firm with the intrinsic value using the PV ratio. With model 2 this comparison is reduced to a comparison between the implicit estimate of residual income in the following two periods with the explicit analyst forecasts, i.e. the comparison
reversion it is plausible that either very low or very high growth rates should have a tendency toward the average.
-11 -The left side of the upper expression is the value equation of model 2, whereas the right side is the market value of the firm expressed as the sum of book value of equity and goodwill. In the lower expression book value and the implicit estimates of residual income from period 3 onwards have been subtracted. The explicit analyst forecast of residual income is compared with the implicit estimate derived from the market valuation of the firm. The hypothesis is that companies whose explicit analyst forecasts of residual income are high relative to the implicit estimates are fundamentally undervalued as a higher share of goodwill can be earned in the immediate future. The contrary would hold true for companies whose explicit analyst forecasts are low relative to the implicit estimates.
Concerning the sorting of companies according to their PV ratios to detect fundamental undervaluation another interpretation is possible. As can be seen from a comparison of intrinsic firm value according to model 2 with the market value, the only component of the intrinsic value that is different from the market value is the estimates for residual income in periods 1 and 2. Thus, the sorting according to the PV ratio corresponds to a sorting according to a "price-residual income in t=1,2 ratio". 31
Model 3
Model 3 is the empirical implementation of the original model of Ohlson (1995) with the equation . 32 For the determination of the intrinsic value 0 V the book value of equity 0 B and current residual income a x 0 can be observed directly, whereas the variable 0 v for "other information" and the parameters 1 ϖ and γ have to be estimated separately.
According to the proposal of Ohlson (2001) the variable t v can be calculated as the difference between the market's expectation of residual income in period t+1 and the expectation of residual income on the basis of the autoregressive process concerning residual income alone, yielding 31 For this reason the exact size of the growth factor G is not important for this comparison. A change of G does not change the sequence of the companies under examination. 32 See Dechow, Hutton, and Sloan (1999) for the first empirical study using this approach. 
A time series of the variable "other information" can now be calculated. The estimation procedure for the parameters 1 ϖ and γ will be described at the end of the section.
Model 4
Model 3 assumes unbiased accounting as due to the parameter restrictions for 1 ϖ and γ residual income converges to zero in the long run. Empirical studies such as Dechow, Hutton, and Sloan (1999) show that intrinsic values calculated using this approach are much lower than observable market values. This shows that the assumption of unbiased accounting and of zero residual income in the long run might lead to an underestimation of firm value. In addition to that when estimating the persistence parameters for the linear information dynamic several authors such as Dechow, Hutton, and Sloan (1999) , McCrae and Nilsson (2001) , and Prokop (2003) detect regression constants that are significantly different from zero which is a violation of the assumptions of the original model of Ohlson (1995) . The studies cited "solve" this issue by simply not using these results in their further analyses. Choi, O'Hanlon, and Pope (2003) propose a modification of the original model of Ohlson (1995) that incorporates conservatism by allowing for permanently positive residual income. Their value equation includes the regression constants of the autoregressive processes for residual income and "other information" to account for on average non-zero residual income or "other information". In this study a modified variant of the proposal of Choi, O'Hanlon, and Pope (2003) will be used as model 4.
The modified linear information dynamic is 1 , 1 1 0
-13 -
where G is the growth factor of the book value of the company. 33 This information dynamic is different from the original information dynamic in equations (3) - (4) in two respects: First, the autoregressive process of residual income in equation (3) is supplemented by the constant term 0 ϖ to take account of on average positive residual income. Second, equation (15) Forming expected values of equations (14) - (16) [ ]
[ ]
Analogous to the original model of Ohlson (1995) α is getting larger, the larger 0 ϖ , 1 ϖ , G , and the lower R get. The model of Ohlson (1995) can be seen as a special case where 0 0
. This is the case when accounting is unbiased and residual income is not different from zero in the long run, implying a value of 0 ϖ of zero. 35 For an empirical implementation of model 4 the parameters 0 ϖ , 1 ϖ , and γ are necessary, as well as the variable t v and the growth factor G . The procedure for estimating the parameters will be explained in the next section. The variable t v can be calculated in a similar way as for model 3, by solving equation (17) 
Parameter estimation for linear information dynamic
Finally, in order to calculate intrinsic firm values according to models 3 and 4 the parameters 0 ϖ , 1 ϖ , and γ have to be estimated. An important question that arises in this context is for which group of companies this should be done. In principle it would be possible to estimate the parameters for each company separately. One problem with this is the fact that data are available for a maximum of 13 yearsfor many firms in the sample this time span is even shorter. Thus, a firm-specific parameter estimation does not seem to be adequate. 36 Nevertheless, the sample will be separated into two groups: "Old Economy" firms and "New Economy" firms. 37
35 See Jamin (2004), p. 153, for a numerical example for the impact of an inclusion of ω 0 into the valuation equation on intrinsic value. 36 Of course the estimation could be done sector-wise as one might argue that competitive forces and thus the persistence behaviour of residual income and "other information" should be sector-specific. The issue with this is that the sector classification available is such that the size of the sectors varies hugely, see chapter 6. Therefore a sector-wise estimation also seems to be unreliable. Other studies such as Dechow, Hutton, and Sloan (1999) ϖ from the beginning of the estimation period until year t. The estimated value for 1 ϖ is then inserted into equation (13) By estimating 1 ϖ each time until year t it can be ensured that the persistence parameter is known to the market participants when "other information" is calculated. In the second stage the panel regression
is estimated to derive a parameter estimate for γ . To avoid heteroskedasticity Dechow, Hutton, and Sloan (1999) This approach cannot be directly replicated in this study as the available estimation period for residual earnings 1990 -2002 is significantly shorter than e.g. in the study of Dechow, Hutton, and Sloan (1999) who have observations available from 1950 -1995. For this reason the parameters ω and γ are estimated over the entire period of available data. This implies of course that "other information" observations are partly derived from residual income realisations that post-dated the "other information" observations. Given the relatively estimation period available this is difficult to avoid.
Furthermore, when estimating ω and γ over the entire period the interdependency of both parameters needs to be taken into account. This can be seen by inserting the expected value of equation (4) into the expected value of equation (3) ϖ and γ cannot be estimated independently from each other as there is a multiplicative relationship between both which can be seen 38 See, e.g., Dechow, Hutton, and Sloan (1999) or Prokop (2003) .
-16 -in the bracket in the above expression. 39 Thus, in this study, the one-stage estimation is estimated to estimate the parameters for model 3 taking account for the structure of the theoretical model. Equation (27) It would be desirable to use seemingly unrelated regressions (SUR) to estimate equations (27) and (28). This method allows for a provision for correlation in the error terms which is due to influencing factors affecting all firms in the sample. 41 But to use SUR it is necessary that the number of time-series observations exceeds the number of cross-section observations. This is not the case, as the maximum number of years available is 13, and the minimum number of crosssections available is 55. Thus, the system is estimated using ordinary least squares (OLS). 39 See Jamin (2004) , Anhang 2, for a discussion of differences between using the two approaches. 40 See equation (24). 41 See Srivastava and Giles (1987) , p. 1.
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Data
Basis for the sample under examination is the index CDAX on the 31 st of December, 2002. The CDAX is the broadest index available for the German stock market including all publicly traded companies. 42 The CDAX is made up of 19 sector sub-indices. 43 The sectors Banks, Financial Services, and Insurance are excluded from the following empirical investigations as they are subject to particular accounting rules and, thus, not directly comparable. In order to avoid a survivorship bias an additional selection in Thomson Financial Datastream was conducted to identify companies that were delisted prior to December 2002.
The necessary accounting information book value of equity, number of shares, and earnings per share are taken from the financial information provider Bloomberg. Dividend per share is from Thomson Financial Datastream. As earnings forecasts the mean consensus forecasts from the I/B/E/S database are used. These are available for the next two fiscal years. 44 The advantage of using an average of individual forecasts is the better quality of aggregated forecasts that are provided by different individuals and institutions and according to different methodologies. 45 As German companies have been switching their accounting from traditional German GAAP (HGB) accounting to international standards (IAS and US GAAP) since the mid-nineties the sample has to be separated into sub-groups that prepare their books according to HGB, IAS, and US GAAP. The sorting of companies according to their PV ratios is first done within this sub-samples, and then the sub-samples are aggregated again. 46 Beginning with the fiscal year 1998 a sufficiently large group of IAS-companies and beginning with the fiscal year 1999 a sufficiently large group of US GAAP-companies is available. 47 As valuation date the 31 st of May is chosen in each year analysed. On that date intrinsic firm value is calculated using accounting information for the preceding fiscal year 48 Kacapyr (1996) , pp. 141 et seq. 46 E.g., the according to their PV ratio undervalued portfolios of HGB, IAS, and US GAAP are merged to the undervalued portfolio for the whole sample. 47 See Jamin (2004), section 6.3, for a detailed discussion concerning the problems arising from the correct classification of companies. 48 Only companies whose fiscal year ends on the 31st of December are included into the sample.
-18 -following fiscal year. 49 One reason for this is that according to § 290 Abs. 1 HGB German companies have to produce their financial statements five months after the end of the fiscal year. 50 Furthermore, the work of Stromann (2003) shows empirically that the correlation between intrinsic firm value according to the model of Feltham and Ohlson (1995) and market value for German companies is highest for the month of May.
Firm-specific cost of capital is calculated using the capital asset pricing model (CAPM) going back to Sharpe (1966) , Lintner (1965) , and Mossin (1966) . As inputs for determining cost of capital according to the CAPM a risk-free rate, the market risk premium, and the company beta as the quotient of the stock's covariance with the market return and the variance of the market portfolio are needed. 51 As risk-free rate the interest on government bonds with a maturity of one to two years is chosen, which is in accordance with the recommendation in Ross, Westerfield, and Jaffe (1996) . 52 Two different market risk premiums are chosen: 5% which corresponds to the historically ex post measured risk premium in the German stock market 53 , and 2% which corresponds to the results of newer approaches that try to infer the risk premium from current market valuation and investor opinion. 54 As beta the sector beta of the CDAX sector indices is used as for many companies the time series of available data is too short to carry out an estimation of firm-specific betas. The estimation of beta is done with monthly data over a five year period by regressing the return of the CDAX sector indices on the CDAX return itself.
To measure the performance of the undervalued and overvalued portfolios formed according to their PV ratios the return index from Thomson Financial Datastream is used which is a total return index including value changes of the stocks and dividends. Damodaran (1996) , p. 52. 52 In the literature there is a considerable debate on choosing the right risk-free rate. The Arbeitskreis "Finanzierung" der Schmalenbach-Gesellschaft (1996) as well as Kußmaul (2003) recommend a long-term rate. Rosenberg and Rudd (1998) recommend a short-term rate which should correspond with the expected investment horizon. Penman and Sougiannis (1998) use in their study a maturity of three years, Myers (1999) uses one month. 53 See Bimberg (1993), Morawietz (1994) , Arbeitskreis "Finanzierung" der SchmalenbachGesellschaft (1996) , and Institut der Wirtschaftsprüfer in Deutschland (2002). 54 See, e.g., Claus and Thomas (2001) and Abou and Prat (2003) . This area of research was stimulated by the so-called equity premium puzzle initiated by Mehra and Prescott (1985) which suggests that the empirically observed risk premiums are too high to be justified by plausible utility functions of individuals. See also Ronge (2002) who shows that the total performance of equity investments on the German stock market over a longer period of time including both world wars is much lower than over a period that includes only the time after the second world war. This result implies that the risk premium might be lower when examining not only good but also bad economic periods.
-19 - Table 1 shows the number of firms that are included in the sample. 55 The number increases significantly from 1990 to 2002 for mainly two reasons: First, the number of publicly traded companies has increased on the German capital market, mainly due to the boom in technology stocks at the end of 1990s. Second, the coverage of firms by electronic databases such as Bloomberg and Thomson Financial Datastream as well as by professional analysts has increased. 55 Of course it is impossible to use as many observations for an analysis of the German stock market as, e.g., for an analysis of the US stock market which has many more publicly traded companies and which has longer time series of electronically available data. Nevertheless, the number of firm-years used in this study is similar to that of other studies. Stromann (2003) Notes: Annual data per 31 st of May of each year. * Price-book-ratios of more than 50 were eliminated, thus removing two observations. Negative pricebook-ratios were also eliminated. ** Price-earnings-ratios of more than 200 were eliminated, thus removing 54 observations. Negative price-earningsratios were also eliminated. Table 2 shows descriptive statistics about the accounting and earnings forecast data used for the empirical analyses. A few distinctive features concerning the data used have to be mentioned here. Earnings per share decrease sharply and even become negative, on average, at the end of the period under examination. This reflects the fact that many of the companies that went public during the technology boom at the end of the 1990s were actually loss-making. Earnings forecasts on average are slightly higher than actual earnings per share reflecting the plausible assumption that in an expanding economy earnings should grow over time. The price-book-ratio and the price-earnings-ratio mirror the remarkable developments at the stock market. Price-book mean reaches its highest value with 5.5 in May 2000 followed by a decline to 1.7. Price-earnings behaves similarly.
Results
Descriptive Statistics
Naturally the question arises whether the sample of firms used which does not comprise all German stock market companies is representative of the German capital market as a whole. Thus, in Figure 1 the return of the sample is compared to the return of the CDAX. -22 -As can be seen in Figure 1 the behaviour of both time series is quite similar. Indeed, the correlation between the two is 0.88. Nevertheless the return of the CDAX during the years from 1994 to 2001 is always slightly higher than the sample return. One reason for this might be huge capital gains immediately following an IPO. 56 These returns are of course included in the computation of the return of the CDAX but very often they are not part of the sample return. The reason for this is that a new stock does not enter the sample on the first trading day but earliest on the 31 st of May following the IPO. Much of the initial abnormal return probably was earned before that. There were plenty of IPOs during the technology boom at the end of the 1990s that might contribute to this finding.
Also the quality of analyst earnings forecasts has to be assessed before proceeding with the empirical analyses. This will be done using the forecast error scaled by share price MFEP , the absolute forecast error scaled by share price MAFEP , the forecast error scaled by actual earnings MFEE , as well as by the absolute forecast error scaled by actual earnings MAFEE . 57 Table 3 exhibits the analyst optimism well-known from the literature on the quality of earnings forecasts. 58 Also the absolute errors MAFEP and MAFEE are larger than MFEP and MFEE which shows that forecast errors for single companies can go into two directions. Overall it can be noted that the quality of earnings forecasts used in this study is far from perfect but can be compared to quality of forecasts used in other studies. Basu, Hwang, and Jan (1998) e.g. find for the German stock market a value of MFEP 1.78%. According to this study the forecast error for the German market is in a comparable order of magnitude as the error for other important capital markets. 56 Gerke and Fleischer (2001) find an average abnormal return of 90.6% during the six months following an IPO at the German Neuer Market, the technology segment of Deutsche Börse. 57 See Jamin (2004) , section 7.1.6 for a more detailed discussion. 58 See Lakonishok and Givoly (1984) , O'Brien (1988), or Capstaff, Paudyal, and Rees (1995) .
-23 -As risk free rate interest on German government bonds with a maturity of 1 -2 years is used. Cost of capital is estimated for sector sub-indices of the CDAX using ordinary least squares.
Parameter Estimates for Models 3 and 4
Before intrinsic firm values according to the different model specifications can be calculated model parameters for the models implementing the linear information dynamic have to be estimated. This is done for model 3 using equation (27) and for model 4 using equation (28). 26.92*** 9.34*** 26.75*** 9.09*** γ γ γ γ -0.14 0.11 -0.14 0.13 t-statistic -3.20*** 0.81 -3.05*** 1.01
Notes: Results of pooled OLS system estimation using Eviews 3.1 on the basis of equation (27) . Absolute values of scaled variables of more than one were winsorized (ca. 5 % of all observations). In one-tailed test significant on * 90%-, ** 95%-, *** 99%-level. Results of pooled OLS system estimation using Eviews 3.1 on the basis of equation (28). Absolute values of scaled variables of more than one were winsorized (ca. 5 % of all observations). In one-tailed test significant on * 90%-, ** 95%-, *** 99%-level.
As can be seen from the results the estimate for 1 ϖ is relatively insensitive to the market risk premium and does not differ much between "Old Economy" and "New Economy". The estimated value is between 0.64 and 0. 68. 59 This is different for the regression constant 0 ϖ . It is significantly negative for the "New Economy" for both market risk premiums. For the "Old Economy" it is not different from zero for a market risk premium of 5%, and slightly positive for a market risk premium of 2%. One explanation for the negative average residual income of "New Economy" companies might be that their accounting is aggressive. This is not plausible as the market value of "New Economy" usually is much larger than the book value -implying that the market expects positive residual income relative to book value in the future. Another reason might be that "New Economy" companies on average suffer from large starting losses as most of these companies are relatively young and went public only at the end of the 1990s. If this was the case the market would nevertheless expect those firms to turn around and to earn positive residual income in the future which is indicated by the market valuation of these companies. This expectation of the market did not turn out to be correct when one looks at the development of the market valuation of "New Economy" companies in the years following 2000. So the residual income valuation approach in this case might have correctly predicted the low intrinsic value of these companies.
The low value of 0 ϖ for "Old Economy" companies is somewhat surprising. As discussed in section 4.1 on average residual income should be positive if -25 -accounting is conservative. For a market risk premium of 5% this is not at all the case, confirming the newer findings that the ex ante market risk premium is lower than historically measured. 60 But even for the market risk premium of 2% it is positive only at a very low significance level. Two potential explanations arise for this finding: First, even a market risk premium of 2% might be too high. Second, it might be the case that companies on average economically do not earn their cost of capital. If this is the case, firm value in model 4 in equation (20) is reduced rather than increased to correct for conservative accounting. If the risk premium of 2% is indeed too high or a very special period is examined where companies on average do not earn their cost of capital there might be a bias reducing average firm values to much compared to what would be economically justified. For the purpose of this study this is most likely not too much of a problem as value investing strategies are examined based on relative rather than absolute value rankings of companies.
Interestingly, other empirical studies find negative values for 0 ϖ as well. 61 Dechow, Hutton, and Sloan (1999) who use a constant cost of capital of 12% estimate a value of -0.02. Also Myers (1999) who uses on average a cost of capital of 12.13% states that "…the negative median residual income is … due to the fact that the discount rate is higher than ROE, on average". 62 Those studies do not discuss possible explanations for the finding that thousands of US companies over a period of several decades should not earn their cost of capital. A plausible explanation for this is that these studies use a too high cost of capital. Nevertheless, in this study further analyses will be conducted for both market risk premiums in order to identify the sensitivity to different values of it.
The results for the persistence parameter of "other information" γ are contradictory to the theoretical predictions of the linear information dynamic of Ohlson (1995) . Parameter values should be between zero and one. In fact, for "Old Economy" companies they are significantly negative, whereas for "New Economy" companies they are not significantly different from zero. Apparently the "other information" does not have the persistence properties predicted by the model. For this reason it will be assumed that the parameter value of γ is zero and the whole system will again be estimated for both models 3 and 4 as a simple first-order autoregressive process of residual income with the regression equation 
The results shown in Table 6 confirm the results for the persistence parameter 1 ϖ which does not change very much relative to the first estimation. Also the 60 See section 5. 61 As they do not differentiate between "Old Economy" and "New Economy" this is an average finding for the whole sample of those studies. 62 See Myers (1999), p. 15 . Also the study of Prokop (2003) finds a negative value for ω 0 .
-26 -regression constant 0 ϖ offers a similar picture. For "New Economy" companies it is strongly negative for both market risk premiums. For "Old Economy" companies it is slightly positive for a market risk premium of 2% and slightly negative for a market risk premium of 5%. Model 4 for the further analyses concerning the predictability of stock returns will be used only for a market risk premium of 2% as the negative value of 0 ϖ seems to suggest that a market risk premium of 5% is simply too high to be justified by expectations of the market. (29). Absolute values of scaled variable of more than one were eliminated (ca. 5% of all observations). In one-tailed test significant on * 90%-, ** 95%-, *** 99%-level.
The fact that the persistence parameter of "other information" is for the further analyses assumed to be zero obviously has an effect on the valuation equations for models 3 and 4. The valuation equation for model 3 equation (12) 
A few remarks have to be made concerning the "other information" t v . The fact that the persistence parameter γ takes on a value of zero does not mean that "other information" is irrelevant for valuation. It just means that currently known "other information" is not persistent, i.e. from currently available "other information" no forecasts concerning future "other information" can be made. In fact "other information" in the valuation equations for models 3 and 4 is taken account for in the analyst forecast a f 0 which consists of two components, the prediction of the autoregressive process from the previous period's residual income which is the "other information".
Forecasting Future Stock Returns
The central question of this study is if it is possible to earn abnormal stock returns by investing in companies that are undervalued on the basis of a PV ratio calculated with the residual income valuation approach. To detect this on each 31 st of May from 1990 to 2002 an intrinsic firm value according to the four model specifications under examination is calculated for all firms in the sample. 63 The current stock price on each 31 st of May is divided by the intrinsic value which gives the PV ratio for each company on the valuation date. The sample is sorted according to the PV ratio from low PV to high PV. Five portfolios are formed accordingly starting with portfolio 1 (undervaluation) to portfolio 5 (overvaluation). To analyse the profitability of a value-investing strategy that invests in on the basis of the residual income valuation approach undervalued stocks a hedge return as the difference between the undervalued and the overvalued portfolios is calculated. If the hypothesis can be confirmed that companies with a low PV ratio earn higher returns than those with a high PV ratio this hedge return should be positive. For that purpose portfolios 1 and 2 are combined to form portfolio 1/2 and portfolios 4 and 5 are combined to form portfolio 4/5 whereas portfolio 3 is regarded as the neutral portfolio. Hedge returns are calculated as the difference between the average return of portfolio 1/2 and the average return of portfolio 4/5 for 12, 24, and 36 months following the valuation date.
63 See the appendix for average PV for the different model specifications.
-28 - Notes: Results for a market risk premium of 2%.
As can be seen in Figure 2 for a market risk premium of 2% the hedge-return is positive for all model specifications for an investment horizon of 24 and 36 months. For a horizon of 12 months it is also positive for model 2, and close to zero for the other three models. The hedge-return increases over time, reaching its highest value after 36 months. Apparently the mispricing at the stock market that has led to an undervaluation and overvaluation of certain stocks is not getting corrected immediately but only after a longer period of time. Apparently the longterm mean reversion pattern of fundamental mispricing documented elsewhere in the literature can be confirmed here. 64 29 ϖ negative for a market risk premium of 5%. Returns for 24 and 36 months are cumulated returns.
From Figure 2 it can be seen that models 2 und 4 yield the highest hedge-returns. These model specifications interestingly are those that take account of conservative accounting by allowing for positive residual income in the long run. Apparently this feature of the model improves the discrimination between fundamentally undervalued and overvalued companies.
Despite the first impression that hedge-returns are positive for all model specifications Table 7 and Table 8 reveal that they are statistically significant only for model 2. Only this specification reaches t-statistics of more than two, but only for investment horizons of 24 and 36 months. All other three model specifications yield insignificant hedge-returns -no matter which market risk premium is assumed. Model 2 is the model where implicit assumptions from the market valuation concerning residual income of the following two years are replaced by explicit analyst forecasts. 65 The sorting of firms according to their PV ratio corresponds to a sorting according to a "price-residual income in t=1,2 ratio". Apparently this is a promising area of future efforts for model development.
It should also be noted that the models implementing the linear information dynamic in the spirit of Ohlson (1995) , models 3 and 4, do not perform better than the simple residual income specifications, models 1 and 2. Apparently the relatively complex information dynamic does not add significant value in terms of predicting future stock returns. 66 A further task of this study is to compare the hedge-returns calculated on the basis of the residual income valuation approach with those calculated on the basis of simple ratios such as PE ratio, PB ratio, and dividend yield. The hypothesis is that the theoretically better founded models based on the residual income valuation approach should provide the investor with a better performance as the simple ratios cover only partial aspects of value generation. Thus, the same analyses as for the four model specifications were conducted for the PE ratio, PB ratio, and dividend yield. In Figure 3 the cumulated hedge-return of value-investing strategies with simple ratios is displayed. It turns out that it is positive for all investment horizons and also increasing over time, with the exception of the PE ratio where the cumulated hedge return reaches its highest value after 24 months. Here again it can be shown that it is possible to earn superior returns by investing in fundamentally undervalued stocks. 67 Nevertheless, it is somewhat surprising that the dividend yield apparently yields the highest hedge-return which is in contradiction to theoretical predictions such as the theorem of Miller and Modigliani (1961) that the dividend policy of a company should be irrelevant for its stock return. It is also surprising that the hedge-return of the dividend yield with 13% after an investment horizon of 36 months is in the same order of magnitude as the hedgereturn model 2 with 16% (market risk premium of 2%) and 22% (market risk premium of 5%). Thus, the theoretically better founded model 2 obviously yields only slightly better results than the simple ratio dividend yield. Whereas all hedge-returns are positive it can be seen in Table 9 that only the hedge-return of the dividend yield is statistically significant. In summary it can be noted that indeed it is possible to earn higher stock returns by investing in fundamentally undervalued stocks on the basis of the residual income valuation approach. The same is true for simple ratios. Nevertheless, the results are statistically significant only for two specifications -model 2 and the dividend yield. Furthermore, the theoretical prediction that the fundamentally better founded specifications based on the residual income valuation approach should perform better than the simple ratios can be confirmed only to a limited degree, as model 2 performs only slightly better than the dividend yield.
One objection of the proponents of the efficient market hypothesis against such results is that higher returns might occur because of a higher systematic risk. If this was the case, the higher return would just be the compensation that the investor demands for a higher level of risk. For this reason portfolio betas were calculcated for portfolios 1/2 and 4/5 in order to find out if the fundamentally undervalued portfolio really has a higher systematic risk. As can be seen in Table 10 the assumption that the systematic risk of the undervalued portfolios should be higher than that of the overvalued portfolios does not turn out to be correct. On the contrary, for the specifications yielding the highest hedge-returns the average portfolio beta of portfolio 1/2 is even lower than that of portfolio 4/5. This implies that an increased return is associated with a decreased level of risk. This of course is in sharp contrast to the predictions of portfolio theory. Apparently the behavioral limitations predicted by the behavioral finance theory lead to the opportunity to earn higher returns with lower risk. 68
Conclusion
The residual income valuation approach has become hugely popular since the work of Ohlson (1995) and Feltham and Ohlson (1995) . It has added a linear information dynamic to the basic valuation formula of the residual income valuation approach which allows for a prediction of future residual earnings from current observables.
As in the literature lots of empirical evidence is documented which shows that it is possible to earn abnormal stock returns with on the basis of simple fundamental ratios such as the PE ratio, the PB ratio, and the dividend yield undervalued stocks the question arises if it is possible to improve the performance of such valueinvesting strategies with a valuation on the basis of the theoretically better founded residual income valuation approach. This should be possible since an intrinsic value computed with the residual income valuation approach represents a complete value expression in contrast to the simple ratios. The behavioral finance literature provides psychological explanations for the existence of mispricing at financial markets.
In this study four different model specifications of the residual income valuation approach are implemented empirically. Two of them are simple specifications, whereas the two other implement a linear information dynamic in the spirit of Ohlson (1995) . One of the simple specifications and one of the linear information specifications assumes unbiased accounting, whereas the other allows for conservative accounting.
For the linear information dynamic models persistence parameters for residual income and "other information" have to be estimated. It turns out that the parameter for "other information" is not in accordance with the theoretical predictions of the model, thus casting doubt on the validity of the linear information dynamic of Ohlson (1995) for the German stock market.
When comparing the returns of undervalued and overvalued portfolios it can be shown that the return of the undervalued portfolio is higher for all model specifications, whereas it is significant only for model 2. The same holds true for the simple ratios, where only the return difference for the dividend yield is significant. In contrast to the theoretical prediction the performance of the residual income valuation approach models is not much better than that of the simple ratios. The better performance of the undervalued portfolios is not due to a higher systematic risk of those stocks.
